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CHARACTERIZATIOT  OF  SQUIB  MK  1  MOD  O: 
5-Megacycl*  RF  3«nslti-»lty  for  Long  Duration  Pulses 
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Ai>proved  by: 


ABSTRACT:  The  response  of  the  Squib  Mk  1  Mod  0  to  5-Megacycle  constant 
current  (RMS)  has  been  extended  to  long  inxnit  times  where  the  cturrent 
aaplitude  for  firing  reaches  a  jsinlnuR  asyi5>totic  value.  For  a  current 
aiplltude  of  37*1-  milllasiperes  a  pulse  width  of  155  ■dUiseconds  was  found 
necessary  to  obtain  50-percent  fires.  When  the  cxirrent  was  tiUowed  to 
flow  for  ai>proximately  10  seconds  (essentially  steady  state)  a  lower 
firing  level  of  308  milllanperes  for  50-percent  response  was  determined. 
These  values  are  consistent  with  previous  data  obtained  at  5  megacycles 
for  shorter  pulse  times  and  also  with  DC  constant  cturent  firing  data. 
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The  work  reported  on  here  has  been  carried  out  as  part  of  the  Naval 
Ordnance  Laboratory's  participation  in  the  HERO  (Hazards  of  Electroaagnetjc 
Radiation  to  Ordnance)  program  supported  by  Tasks  506“925/56015/07040, 
506-924/56035/01073,  and  NOL-443.  The  objective  of  the  HERO  effort  at 
NOL  is  generally  to  chsracterlze  the  response  of  electro-explosive  devices 
to  electric  and  electro-magnetic  energies.  This  report  describes  the 
res'ults  of  tests  to  determine  the  response  of  the  Squib  Mk  1  Mod  0  to 
small  anplltude  I  long  time,  const  ant -current  (MS)  5-Megacycle  pulses. 

This  work  shOTild  be  of  Interest  not  on3-y  to  the  HERO  project  but  also  the 
bjroad  field  of  electro-explosive  device  design,  development,  manufacture, 
and  use. 


W.  D.  COLEMAN 
Captain,  USN 
Commander 
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CXARACTKRlZATIGi  OT  SqffZB  IK  1  NOD  0: 

5  NH[ai  jTl«  RP  8«asltlYlt7  for  Long  INuratioo  Pultos 


INTHODUCTION 


As  part  of  its  task  on  the  Hazards  of  Electromagnetic  Kodlatlon  to 
Ordnance  (HERO)  program,  the  Naval  Ordnance  Laboratory  is  determining  the 
response  of  the  Mk  1  Mod  0  Squib  to  various  electrical  stlmali.  One  Input 
stliailus  under  ■'nvestlgatlon  has  been  5'noeocyele  constant-ciirrent  (rWS) 
pulses.  Hie  response  of  the  squib  to  pulses  at  this  frequency,  ccsq)ared  to 
Its  response  at  DC,  Is  of  Interest  In  assessing  and  predicting  hazards  from 
cosaainlcatlon  eq\ilpnent. 


Mcasxirement  of  the  response  of  the  Mk.l. Squib  to  ^-negacycle  stlnull 
has  already  been  carried  out  and  reported  by  this  laboratory  fur  current 
levels  of  qiproxliastely  1,  2,  3,  and  U  anperas*  Data  for  lover  aaq>lltude 
currents  at  ^  megacycles  hart  not  been  obtained.  It  is  a  connon  observation 
that  there  exists  for  each  particular  EED  a  lover  firing  current  level  belov 
vhlch  the  EED  vlU  not  fire.  This  is  an  Important  parameter  in  character* 
izlng  the  BED  vith  respect  to  the  safety  in  handling  it.  This  report 
describes  the  vork  carried  out  to  obtain  the  response  of  the  Kk  1  Squib  at 
lover  aiq^lltudes  In  order  to  better  define  its  ninism  firing  current  level 
and  to  further  establish  the  nvemll  shape  of  the  firing  current^pulse  width 
relationship.  The  conclusion  previously  drawn— that  there  is  no  significant 
difference  between  the  response  of  the  Mk  1  Squib  to  DC  stiuuli  and  to 
5-BbgaeyeXe  constant -current  (NO)  stimli— is  still  valid  for  tha  low- 
asplituda  long-duretion  puleas* 


ns  npEMDoirEiu:.  MSAsmooanB 

The  Apparatus.  The  9-netseyeIs  conetent- current  firing  date  previously 
obtained  and  reportad  are  eunsMrlsed  by  Plgvare  1*  and  are  shown  to  serve  ee 
proper  background  for  the  additional  data  to  bo  presented  in  this  report. 

It  can  be  aaan  from  Figure  1  that  the  previous  data  did  not  establish  the 
lover  firing  level,  i.e.,  small  esplitude  lergs  tlJM  ifqwts  for  the 
5-Begacycle  frequency.  The  eppnretue  previously  used,  except  fOr  the 
standard  rasistor,  could  not  be  vsad  fUr  tha  present  work  becense  the  pulse 
time  could  not  be  extended  beyond  spproxiaately  1  sdlliaecond.  Conaeqiaently, 
different  instrumentation  had  to  be  developed  for  the  experiaente  of  tho 
present  vork.  However,  tho  standard  rsaietor,  idilch  wsks  previoualy  aeeeKiled 
and  calibrated  vith  imich  care,  was  also  uaed  la  these  present  ei^erlaenta. 

(l)  Nav’Veps  Report  7309, "Charset erlfation  of  Squib  Mk  1  Mod  0:  9-Megacycle  RP 
Burst  Sensitivity",  l6  Decenber  i960.  L.  Green  and  C.  Goode. 
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It  was  desired  to  establish  two  additional  data  points  for  the  “ 

5-iBegacyele  constant •cxirrent  (itts)  ~  pulse  width  relationship.  One  point 
was  desired  at  the  lowest  firing  level  (minisuB  current  possible  for  inf5nitely^‘ 
long  input  tines ){ the  other  point  was  desired  between  the  lowest  point 
established  in  reference  1  (l  asqpere)  and  this  miniiaun  firing  level. 

'Die  apparatus  asseidiled  consisted  basically  of  a  ^-Megacycle  unit  '• 

oscillator,*  a  power  sxqpply  for  the  oscillator,  end  a  coaidal  safety  switch  ' 
to  isolate  the  fixing  pulse  from  the  sq^ilb  in  the  firing  chaiA>er  until  it  was  " 
desired  to  deliver  the  firing  pulse.  In  establishing  the  lower  firing  level, 
the  apparatus  was  operated  at  CW.  For  the  "in-between"  point  the  appax*atus  ^ 
was  Bodlfied  to  contain  an  RC  pulse  forvicg  network  to  allow  variation  of  the  ' 
pulse  width  as  desired.  Figure  2  shows  a  block  diagram  of  the  apparatus  used 
including  the  two  oscilloscopes  which  monitored  the  pulse  amplitude  and/or 
pulse  width.  Dxe  basic  monitoring  was  perfortssd  by  observing  the  potential 
drop  across  the  staxxdard  resistor  in  series  %d.th  the  squib  to  be  fired.  Die  ' 
firing  was  at  constant  current  because  the  input  iapedsnce  of  the  oscillator 
was  high  (50  ohms)  eoa^aimd  to  the  squib  inpedance.  fariations  in  squib 
ispedanee  during  the  firing  eyrie  (changes  of  about  30  to  Uo  percent  of  the 
average  1-oha  bridge  resistance)  were  negligible  in  coaqparison  to  the  50  ohms 
which  acted  as  n  current  llsdttng  ballast  In  the  circuit. 

The  basic  nonitoriag  was  neceessiy  to  obtain  necumtely  the  aiqplitude 
of  the  current,  and,  for  the  "In-between"  point,  the  pulse  width.  Die 
current  aaplltude  during  each  firing  wns  net  epproxlmately  by  eye  by  adjusting 
the  potential  drop  ncroes  the  etendard  reaistor.  The  final  cuxrent  aaqplitude, 
however,  was  takan  by  readlnf  with  a  coi^arator  tha  photogrsph  of  the  CRO  trace. 

Monitoring  of  the  potential  drop  ecroaa  the  .qulb  wae  alao  perfotved  in 
ease  it  wae  desired  to  ealeulete  the  eh.  ngt  in  equib  U^daaee  end  the  energy 
delivered  to  the  equlb  during  the  firing  pulee. 

The  Experimental  Procedure.  The  ^a  for  both  polnta  were  obtained 
by  tha  Bruceton  atalr-atep  proeedura  for  the  mialmaa  current  point  the 

"on-tlma*  of  each  pulse  was  bald  constant  at  1C  saeonds  and  tha  current  level 
wee  adjusted  in  accordance  with  the  Bnaecton  plan  using  nrlthmstie  currant 
steps.  Squlba  idiieh  did  not  fire  in  tha  10  aacoada  ware  taken  to  be  at 


0*  Qanaral  Radio  Model  1211B  or  oquivalent. 

(2)  AKP  Report  101. IR  SR!)-?  Ro.  hO,  Stetleticnl  Annlyals  for  n  Raw  Proeednre 
la  Sensitivity  Experlaaats,  19*th.  See  nleo  U.  J.  Dimoo  and 
F.  J.  Massey,  "Introdttctloa  to  Stetleticel  Aanlyuie"  (MeOrew  lill  Book 
Co.,  Inc.,  New  York,  19)7}. 


2 


NOLTR  61-24 


equilibriiim  teii5)erat\ire-wlse  and  therefore  considered  to  be  "no-fires".*  It 
was  atteii5>ted  to  set  the  current  steps  25  mllllait5)eres  apart.  As  expilalned 
previously,  the  levels  were  set  as  best  possible  by  eye  using  the  potential 
drop  across  the  standard  resistor.  Later,  from  the  photographic  records  the 
actual  setting  was  read  by  use  of  a  con5)arator.  The  con^jarator  readings  for 
each  step  (level)  were  then  averaged  to  obtain  the  best  estimate  of  the 
numeric  value  of  the  level  to  be  used  in  the  analysis  of  the  results.  This 
produced  a  non-uniform  step  size  and,  although  the  mean  firing  level  congjuted 
Is  accurate,  the  standard  deviation  should  not  be  used  to  compute  any  other 
percent  firing  point. 

The  data  point  between  the  lowest  level  of  reference  1  and  the  minimum 
firing  cxirrent  was  obtained  using  a  variable  pulse  width  Bruceton  test  plan. 
The  current  was  set  constant  by  eye  at  approximately  0.375  amperes.  The 
monitor  was  again  used  to  obtain  the  best  average  of  the  constant*  current 
settings.  This  average  turned  out  to  be  0.37^  amperes.  The  pulse  width, 
as  previously  explained,  was  varied  by  the  pulse  forming  network. 


results  and  COnCLUSlONS 

The  data  obtained  in  the  fixed  pulse  length— variable  current  test 
(■Iniinun  firing  level)  are  shown  In  Figure  3*  average  mlnlimia  firing 

current  (50-percent  fires)  was  determined  to  be  O.306  mllllanperes.  This 
value  coag>ares  well  with  the  DC  mlnlsw*  firing  current  of  0,3  mllliejjqpereB . 
Because  the  Kk  1  S(julb  does  not  have  a  normal  distribution  of  response  to 
energizing  stlssill  (^)  and  because  of  the  modification  needed  to  analyze  the 
experimental  data  Indicated  above,  no  attempt  Is  Siade  to  prescribe  a  no-fire 
lavnl  for  ^-negacycle  energy  sources, 

Tbe  data  obtained  In  the  fixed  current -variable  pulse  width  test  are 
Shown  In  Figure  k.  The  sman  average  pulse  width  was  detenalned  to  be  155 
nalliseconds  for  the  0.37^-axper«  fixed  current  level. 


•This  is  not  unreasonable  since  the  Mk  1  Squib  has  a  thermal  time  constant 
of  approxiiostely  4  tailUeecooda.  A  tine  of  10  saconda  la  thus  e^lvaient 
to  2500  time  cooataate. 

(3)  "Cartridge  Actuated  Davlce  Igniter  Handbook",  /tlantlc  Seaearch  Corp*, 
id  June  195^»  (prepared  under  contrect  fOrd  11%97) 

{h}  fiain'epe  Report  73^7,  "Characterisatioa  of  the  Sq:iilb  iOi  1  Hod  Oi 

Determination  of  the  Statistical  Model",  L.  D.  Hampton  and  J.  17.  Ayres, 
30  January  I961 . 
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The  two  points  determined  are  nlottef?  in  c 

with  the  data  of  reference  1  v,  a.”  5  and  are  consistent 

ence  in  the  response  of  the  Mk  1  '''au^h°+  ^  there  is  no  significant  ilffer- 

or  5  .megacycle  (iMS).  ^^PPlied  at  IX: 
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